• This study suggests that the use of a combination of dexmedetomidine (DEX) with 0.15% ropivacaine in ultrasound-guided continuous femoral nerve block for postoperative analgesia in elderly patients with total knee arthroplasty provides a better analgesic effect and a better assessment of satisfaction than without DEX performance.
Ultrasound-Guided Continuous Femoral Nerve Block with Dexmedetomidine Combined with Low Concentrations of Ropivacaine for Postoperative Analgesia in Elderly Knee Arthroplasty
Xiao-Ying Zhao a Er-Fei Zhang b Xiao-Li Bai a Zi-Jian Cheng a Peng-Yun Jia a Yan-Nan Li group D1 were given 0.15% ropivacaine + 0.02 μg × kg -1 × h -1 DEX, and patients in group D2 were given 0.15% ropivacaine + 0.05 μg × kg -1 × h -1 DEX. The visual analogue scores in the resting state, active state (AVAS), and passive functional exercise state (PVAS), degree of joint bending, and Ramsay scores were recorded. Results: The Ramsay scores were significantly higher, AVAS scores were significantly lower, PVAS scores were significantly decreased, the degree of joint bending was significantly higher, and the time to the first postoperative ambulation was shorter in groups D1 and D2 than group C. Furthermore, the time to the first postoperative ambulation was shorter in group D2 than in group D1, patients in groups D1 and D2 were more satisfied than patients in group C, and patients in group D2 were more satisfied than patients in group D1. Conclusion: The protocol of 0.05 μg × kg -1 × h -1 of DEX combined with 0.15% ropivacaine in ultrasound-guided continuous femoral nerve block for postoperative analgesia in elderly patients with TKA provides a better analgesic effect than without DEX performance.
Introduction
Total knee arthroplasty (TKA) patients usually refuse to undertake early functional exercise after surgery due to pain, reducing the surgical effect to a large extent. It is reported that 15-20% of patients are dissatisfied with their surgical outcomes due to postoperative pain [1] [2] [3] . Limb activity in the perioperative period and excellent postoperative analgesia play an important role in the early rehabilitation of patients undergoing knee arthroplasty [4, 5] . Multimode pain management has become the standard for postoperative care of total hip and knee arthroplasty, which includes the use of many different types of drugs for each source of pain, preemptive analgesia, postoperative intravenous patient-controlled analgesia (PCA), patient-controlled epidural analgesia, local nerve block, and local infiltration analgesia. The advantages include the reduction in opioid consumption and relatively mild side effects, promoting early activity and faster functional recovery [6] . However, post-TKA continuous femoral nerve block for analgesia has been reported to be better than intravenous PCA and epidural analgesia [7] .
At present, postoperative analgesia methods for joint replacement mainly include continuous nerve block and periarticular injection analgesia. However, the latter is a subject of controversy compared to continuous nerve block in the clinic [2] , and particularly its long-term analgesic effect and appropriate dosing remain to be explored [8] . Therefore, peripheral nerve block analgesia is an ideal analgesic strategy. Currently, the local anesthetic ropivacaine is commonly used in surgery, while dexmedetomidine (DEX) combined with ropivacaine could enhance the effect of the arrest and prolong its duration of action [9, 10] . In addition, it could also reduce inflammatory responses in surgery and inflammation caused by inflammatory pain [11] , offering reliable analgesia after surgery. Presently, the concentration of ropivacaine is usually set at 0.2% [12] , but a higher local anesthetic concentration will weaken the muscle strength of the lower limbs, causing inconvenience during postoperative exercise [13] ; thus, a lower concentration of ropivacaine (0.1%) can also be applied in the clinic [14] .
Therefore, the aim of the present study was to explore the clinical effect of DEX combined with low concentrations of ropivacaine in ultrasound-guided continuous femoral nerve block for postoperative analgesia in elderly patients with TKA.
Materials and Methods
From February to October 2015, elderly inpatients who were ready for elective TKA for the first time, 65-79 years old, 150-180 cm in height, 50-80 kg in weight, had grade I-III according to the American Society of Anesthesiologists but not lower extremity nerve dysfunction, severe heart disease, brain disease, liver disease, kidney disease, coagulation disorders, long-term use of sedatives, or puncture site infection were selected for the study. These patients were randomly divided into three groups: a control group (group C) and two DEX groups (groups D1 and D2). A randomized sequence for the three groups in a 1: 1: 1 ratio was generated, in blocks of four, using a computer-generated random number sequence. After patient screening and randomization, intraoperative allocation was conducted by means of a sealed, number-coded envelope. The envelope contained the anesthesia protocol. Patients, the attending anesthetist, postoperative staff, and data collectors were blinded to group allocation.
Patients did not receive preoperative medication and were routinely monitored after admission through ECG, blood pressure, and blood oxygen saturation (Sp O 2 ), etc., the peripheral venous catheter was open, and routine fluid infusion was performed.
In the lateral decubitus position, subarachnoid block was performed, the gap at L 3-4 was punctured, 7.5-10 mg of 0.5% ropivacaine (AstraZeneca AB, Södertälje, Sweden) were given [15] , and the anesthesia block plane was determined at L 1 -T 12 level at the beginning of the surgery. No additional analgesia or sedatives were given during the surgery. At the end of the surgery, femoral nerve graft continuous block was induced by ultrasound. The catheterization method was as follows: patients were placed in the supine position, limb extended; a portable ultrasound machine (eZono3000, Jena, Germany) was used, and the ultrasound probe (line probe, frequency 6-13 MHz, eZono3000) was placed in the inguinal region. After capturing the femoral nerve images, the trocars (531156-32A, 19Ga50mm; PAJUNK GmbH Medizintechnologie, Geisingen, Germany) were placed around the femoral nerve using the out-of-plane technique. The catheter was positioned at an area 5 cm away from the skin, fixed by sterile excipients, and then connected to the postoperative PCA system (ZZB-300; NanTong Epsips Medical Devices Co., Ltd., NanTong, China). The PCA formulation was as follows: 0.15% ropivacaine in group C, 0.15% ropivacaine + 0.02 μg × kg -1 × h -1 DEX (Hengrui Pharmaceutical Co., Ltd., Jiangsu, China) in group D1, and 0.15% ropivacaine + 0.05 μg × kg -1 × h -1 DEX in group D2. All were diluted to 300 mL with normal saline. The background dose was 5 mL/h, PCA dose was 10 mL, and locking time was 30 min. If the patient needed an additional analgesic, parecoxib sodium (Pfizer Pharmaceutical Co., Ltd., Kalamazoo, MI, USA) was given according to the instructions.
The visual analogue scores in the resting state and the visual analogue scores in the active state (AVAS) (0 point: painless; 10 points: painful) were determined before surgery and 6, 12, 24, and 48 h after surgery. Passive functional exercise was performed 24 and 48 h after surgery (knee joint motion ranged within 20-30°, increasing by 5-10° daily, 2 times/day, and each was not < 2 h). The visual analogue scores in the passive functional exercise state (PVAS) were used to assess the analgesic outcome. The Ramsay sedation score 6, 12, 24 and 48 h after surgery was used to assess patient sedation effects: 1 point: anxious, agitated or restless; 2 points: quiet; 3 points: sleepy, but having agile response to language stimulation; 4 points: sleepy and having agile response to language; 5 points: sleepy and having Treatment for Postoperative Analgesia slow response to language or tactile stimulation; 6 points: drowsy, having no response to language stimulation. At 24 and 48 h after surgery, knee flexion (the femur extension line and tibia angle, and the degree of curvature was 90° for the recovery of the target value) and the occurrence of nausea and vomiting situation were recorded. Standards for patient satisfaction on analgesia at 48 h are as follows: 0 point: pretty much not satisfied; 10 points: extremely satisfied. We used a digital simulation scoring system, as done in a previous study, and a slightly modified digital simulation scoring system for assessment of patient satisfaction on analgesia [16] . SPSS 17.0 statistical software was used for analysis. Normally distributed measurement data were presented as means ± SD, and comparisons between groups were conducted using one-way analysis of variance. If the data were not normally distributed and/or the variance was not homogeneous, the rank-sum test was applied, and these data were compared between two groups using the Kruskal-Wallis H test. Count data were evaluated using the χ 2 test. The difference was statistically significant when p < 0.05.
Results

Patient Characteristics
A total of 137 patients were recruited for the study. There were no significant differences in gender, age, body weight, height, surgical side, ASA classification, intraoperative anesthesia, operation time, tourniquet time, and volume of bleeding between these three groups ( Table 1 ) .
Primary Results
Compared to group C, AVAS scores in groups D1 and D2 significantly decreased ( p = 0.034 and 0.015, respectively, at 6 h; p = 0.061 and 0.004, respectively, at 12 h; p = 0.04 and 0.017, respectively, at 24 h; p = 0.006 and 0.003, respectively, at 48 h) postoperatively. PVAS scores significantly decreased only in group D2 at 24 h ( p = 0.024) and 48 h postoperatively ( p = 0.048) compared to group C ( Table 2 ) .
Secondary Results
The Ramsay scores in groups D1 and D2 were significantly higher than in group C ( p = 0.006 and 0.003, respectively, at 6 h; p = 0.004 and 0.001, respectively, at 12 h; p = 0.003 and 0.001, respectively, at 24 h; p = 0.002 and 0.001, respectively, at 48 h) postoperatively. The range of joint motion in groups D1 and D2 significantly increased at 24 h ( p = 0.001) and 48 h ( p = 0.034 and 0.003, respectively) postoperatively compared to the control group ( Table 3 ) .
The difference in incidence of postoperative nausea and vomiting and duration of hospitalization were not statistically significant among these three groups. The time for leaving the sickbed for the first time was significantly less in group D2 than that in the control group C ( p = 0.044 and 0.001, respectively), while the time for leaving the sickbed for the first time was less in group D2 than that in group D1 ( p = 0.049). Overall satisfaction scores were higher in both D1 and D2 than in group C ( p = 0.002 and 0.001, respectively) ( Table 4 ) .
Discussion
This study revealed that low concentrations of ropivacaine combined with DEX exerted better analgesic and sedative effects than the lower dose of DEX. The higher dose of DEX significantly shortened the time leaving the sickbed for the first time and significantly reduced PVAS scores compared to the lower dose of DEX. Thus, our study suggests that high-dose DEX (0.05 μg × kg -1 × h -1 ) combined with 0.15% ropivacaine exerts better postoperative analgesia and brings about functional recovery of the knee in elderly patients undergoing knee arthroplasty. Ropivacaine (0.2%), which is commonly used in postoperative continuous nerve block analgesia, has been shown to provide a reliable analgesic effect [12] . However, 0.2% ropivacaine may affect a patient's quadriceps strength, postpone their motion, and increase the risk of falling down during early exercise [13] . Furthermore, low concentrations of ropivacaine (0.1%) may in turn induce inadequate analgesia [14] . Therefore, 0.15% ropivacaine combined with different concentrations of DEX were used in the present study.
DEX is a highly selective α 2 -adrenergic receptor agonist with sedative, analgesic, and opioid reduction benefits. Studies have shown that the intravenous infusion of DEX can reduce surgical stress with minimal impact on the blood circulation [17] and provides rational sedation, and it is widely used in intensive care units [18, 19] . In the present study, it was found that when combined with DEX, performing the nerve block could provide more rational sedation effects 6-48 h after surgery and prevent the patient from being anxious, agitated, or restless. However, the maximum sedation score in all the groups was not more than 3 points. We assessed the sedation score in elderly patients in the absence of any external stimulus; this level of sedation did not affect the patient's joint functional exercise. We speculated that the sedation score under this condition was very low; therefore, we suggest that DEX combined with a low concentration of ropivacaine was safe for hospitalized patients. Moreover, DEX combined with a low ropivacaine concentration reduced the time for leaving the sickbed for the first time; this result verified our speculation. However, it remains to be determined whether continuous infusion of small DEX doses would cause sedation to be too deep and trigger respiratory depression in elderly patients. DEX also increased the blockade effect of local anesthetics. Although there was no significant difference in resting pain between the ropivacaine group and DEX plus ropivacaine groups, after 6-48 h of active functional exercise, the combination of DEX provided a better postoperative analgesic effect. In addition, after 24 and 48 h of postoperative passive functional exercise, the knee flexion was increased in patients treated with DEX-ropivacaine combination, and postoperative pain was significantly reduced. These results are of great significance for patients undergoing early postoperative functional exercise. Besides, the study revealed that AVAS and joint activity were not significantly different between both DEX groups. Moreover, PVAS scores in the 0.05 μg × kg -1 × h -1 DEX protocol were lower than in the 0.02 μg × kg -1 × h -1 DEX protocol. However, these results suggest that the former may induce more pain relief and increase the flexion of the joint, revealing that a higher DEX dose has better clinical effects. Furthermore, the combination of DEX significantly shortened the time until the patient leaves the sickbed for the first time, especially 0.05 μg × kg -1 × h -1 DEX significantly reduced the time compared to 0.02 μg × kg -1 × h -1 DEX, which was correlated to ropivacaine with sensation and motor block separation [20] , while DEX increased its block effect. After knee replacement, functional exercise is crucial for surgical outcomes, whereas early ambulation and functional exercise are beneficial for the recovery of joint function, the prevention of uncomplicated complications [21, 22] , and the reduction in the length of hospital stay [23] . This suggests that DEX combined with the low concentrations of ropivacaine may be of benefit in postoperative analgesia and for knee function exercises.
Although continuous femoral nerve block analgesia therapy with low-dose ropivacaine was not associated with DEX in terms of the incidence of adverse reactions (nausea and vomiting) and length of hospitalization, the combination regimen was significantly more effective than ropivacaine alone. Both ropivacaine and high-(0.05 μg × kg -1 × h -1
) and low-dose DEX (0.02 μg × kg -1 × h -1 ) improved patient satisfaction with postoperative analgesia. However, the satisfaction score is not statistically different between the two DEX protocols. Therefore, the 0.05 μg × kg -1 × h -1 DEX + 0.15% ropivacaine regimen is advantageous for postoperative analgesia. Hence, we recommend the clinical use of this protocol.
Ultrasound-guided nerve block is noninvasive and can be accurately positioned, making the catheter more accessible to the nerves and improving drug effects and blockade [24] . Ultrasound-guided DEX plus topical ropivacaine for transverse fascia block, as a model for postoperative pain in the lower abdomen, revealed the advantage of ultrasound guidance and achieved better postoperative analgesic effects [25] . Thus, the application of ultrasound technology was instrumental in improving the analgesic effects of low ropivacaine concentrations combined with DEX.
The mechanism by which DEX produces analgesia is likely to be multifactorial. DEX has been suggested to produce analgesia by reducing the release of norepinephrine and causing α 2 -receptor-independent inhibitory effects on nerve fiber action potentials [26] . However, Brummett et al. [27] suggest that DEX causes analgesia by the inhibition of substance P released in the nociceptive pathway at the level of dorsal root neuron and by the activation of α 2 -adrenoceptors in the locus coeruleus of the brain. This analgesic effect of perineural DEX is caused by enhancement of a hyperpolarization-activated cation channel, which prevents the returning of the membrane potential of the nerve from a hyperpolarized state to a resting state for subsequent firing [27] . Thus, local anesthetics combined with DEX enhances inhibition to neural conduction, which produces better analgesia than monotherapy with local anesthetics. A limitation of this study is that the high-and low-dose DEX groups differed in many ways, although there was no statistical difference.
Conclusion
This study reveals that combination treatment with 0.05 μg × kg -1 × h -1 DEX and 0.15% ropivacaine continuous femoral nerve block can provide better postoperative analgesia than treatment without DEX, thus promoting postoperative exercise and early ground movements. The present study shows that 0.05 μg × kg -1 × h -1 DEX combined with 0.15% ropivacaine-continuous femoral nerve block guided by ultrasound is useful for elderly patients after knee arthroplasty, and improves postoperative analgesia and rehabilitation effects.
